INTRODUCTION
The Klamath Mountains province of northwestern California and southwestern Oregon is composed of imbricate, regional thrust sheets of oceanic rocks (Fig. 1) . These thrust sheets include ancient island-arc sequences, ophiolitic assemblages, and accretionary complexes. The age of emplacement of the thrust sheets is roughly oldest in the east and youngest in the west. Thus, the Klamath Mountains province is a classic example of continental growth through the progressive lateral accretion of oceanic rocks along an active continental margin. The thrust sheets are intruded by a diverse suite of plutonic rocks that range in age from early Paleozoic to Early Cretaceous and in composition from ultrabasic to silicic. The relationship between regional contraction, extension, and plutonism is still incompletely understood, despite numerous studies (e.g., Saleeby et al., 1982; Harper and Wright, 1984; Wright and Fahan, 1988; Hacker et al., 1995; Irwin and Wooden, 1999) . Furthermore, there are substantial compositional and isotopic variations of the plutons (Barnes et al., 1992) . For example, some Middle Jurassic plutons show little evidence in contamination by crustal rocks, whereas Early Cretaceous plutons exhibit abundant evidence for widespread contamination during magma genesis (Barnes et al., 2003; Barnes et al., this volume, Chapter 17) .
The purpose of this study was a detailed, field-based analysis of the emplacement and petrogenetic history of an intrusive complex comprised of mantle-derived mafic magmas that intruded accreted terranes of oceanic rocks immediately after regional contraction. The plutonic complex studied in detail was the Bear Mountain intrusive complex, originally described by Snoke (1977) is the local name for the regional Orleans (thrust) fault. Modified from Irwin (1994) . Snoke et al. (1981) . New U-Pb zircon radiometric data (Chamberlain et al., this volume) and regional geologic relationships (Snoke, 1977; Saleeby et al., 1982; Harper et al., 1994) indicate that the Bear Mountain intrusive complex was emplaced immediately after regional thrust faulting along the Orleans fault system associated with the Late Jurassic Nevadan orogeny. This study bears on the important problem of the petrogenesis of oceanic-arc plutonic complexes and their relationship to regional contraction associated with ongoing subduction-related processes at an evolving continental margin.
GEOLOGIC SETTING
The Bear Mountain intrusive complex intruded the Rattlesnake Creek terrane in Late Jurassic time (Saleeby et al., 1982; Chamberlain et al., this volume) . The Rattlesnake Creek terrane includes a basal unit of serpentinite-matrix mélange (Wright and Wyld, 1994) , which is inferred to be unconformably overlain by a cover sequence consisting of mafic metavolcanic rocks (pillow lavas and volcaniclastic rocks) and lesser amounts of intercalated siliceous meta-argillite and metachert. The cover sequence of the Rattlesnake Creek terrane in the Preston Peak area (Bear Basin Road sequence of Snoke, 1977; Fig. 2 considered to be Late Triassic-Early Jurassic in age. This stratigraphic age is supported by Early Jurassic radiolarians collected in a similar sequence of rocks exposed ~20 mi (~32 km) to the north-northeast (sample no. I-91-77, locality 35 of Fig. 1 in Irwin et al., 1978; Saleeby et al., 1982) , although the exact stratigraphic and structural relationships between these rocks and the rocks of the Rattlesnake Creek terrane exposed in the map area are uncertain. The rocks of the Rattlesnake Creek terrane are intruded by the mafic complex of the Preston Peak ophiolite (Snoke, 1977) , which was dated at ca. 164 Ma by U-Pb (zircon; originally reported as ca. 160 Ma by Saleeby et al., 1982 , but revised in Saleeby and Harper, 1993) . Two plutons (Blue Ridge intrusion and Bear Mountain pluton) as well as a number of smaller bodies that range in composition from ultramafic to tonalitic comprise the Bear Mountain intrusive complex (Fig. 2) . The age of the Bear Mountain intrusive complex was originally estimated on the basis of two U-Pb (zircon) ages of the Bear Mountain pluton to be ca. 153-149 Ma (Saleeby et al., 1982) . However, Chamberlain et al. (this volume) show that the Bear Mountain pluton, a related tonalitic body, and a late mafic dike were emplaced between ca. 151 and 145 Ma. These new geochronologic data indicate that the Bear Mountain intrusive complex intruded the Rattlesnake Creek terrane after Nevadan-age thrusting (Orleans [thrust] fault or Preston Peak fault of Snoke, 1977) . Basic field relationships originally noted in Snoke (1977) and further substantiated in this study also support this conclusion. Snoke (1977) mapped the northwest-southeast-striking South Siskiyou Fork fault as a cross fault locally truncating his Preston Peak fault (i.e., Orleans thrust fault). The footwall of the Preston Peak fault is the Upper Jurassic Galice Formation of the western Klamath terrane. Snoke (1977, his Fig. 3 ) did not extend the South Siskiyou Fork fault beyond the Preston Peak fault; therefore, this fault is best interpreted as a tear fault and thus part of the Preston Peak (Orleans) thrust fault system. When the South Siskiyou Fork fault is traced to the southeast toward the Bear Mountain intrusive complex, it is significant that the external contact of the intrusive complex is not offset by this major fault (Fig. 2) . Thus, these field relationships strongly support the relative chronology that the Bear Mountain intrusive complex was emplaced after regional contraction (i.e., development of the Orleans thrust fault system).
Given the above field relationships and the geochronologic data, the Bear Mountain intrusive complex must have intruded the Upper Galice Formation, which is a widespread unit in the footwall of the Orleans thrust fault (Jachens et al., 1986) . Several studies have indicated that rocks of the Galice Formation contain detrital Precambrian components (Miller and Saleeby, 1995; Miller et al., 2003; Frost et al., this volume) . Conse-
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Figure 2. Geologic map of the Bear Mountain intrusive complex. Modified from Snoke et al. (1981) ; Bushey (2003) ; A.W. Snoke (unpublished data) .
quently, a focus of this study was to determine whether these ancient components are also contained in the magmas of the Bear Mountain intrusive complex (see the section on isotopes below). Contact metamorphism of the wall rocks (Rattlesnake Creek terrane) locally reached pyroxene-hornfels facies, although hornblende-hornfels conditions were more typical. Snoke (1972) originally documented and discussed the contact aureole surrounding the Bear Mountain intrusive complex. In regard to the aureole adjacent to the Bear Mountain pluton, he delineated two zones (inner and outer) based on megascopic textural changes. Inner zone rocks are typically characterized by a penetrative dynamothermal foliation, and in metabasaltic rocks, hornblende is visible in hand sample. Locally, particularly in the septum between the Bear Mountain and Blue Ridge plutons, metabasic rocks in the dynamothermal aureole underwent anatexis to form migmatitic amphibolite gneiss (Snoke, 1972; Obenshain, 1981; Snoke et al., 1981; Snoke and Barnes, 2002) .
ROCK UNITS

Rattlesnake Creek Terrane
Ultramafic Rocks. The ultramafic rocks are dominantly fine-grained, black to green or blue-green metaserpentinite. The metaserpentinites are massive and generally exhibit no foliation outside the dynamothermal inner aureole, although a hightemperature mantle plastic flow fabric is locally preserved in some exposures of partially serpentinized peridotite of the Preston Peak ophiolite (Snoke, 1977) . Tectonic blocks of metabasalt as well as other rock types occur in the metaserpentinite. Metamorphosed mafic dikes, interpreted as related to the mafic complex of the Preston Peak ophiolite (Snoke, 1977) , locally intrude the metaserpentinite. Other unmetamorphosed mafic dikes that intrude the metaserpentinite are probably related to the Bear Mountain intrusive complex.
Within the inner zone of the contact aureole of the Bear Mountain pluton, the metaserpentinites commonly show a weak to moderate foliation. Medium-to coarse-grained, sheaflike aggregates of acicular tremolite, and possibly anthophyllite, are locally apparent on weathered surfaces; but in many cases, these porphyroblasts are extensively replaced by serpentine-group minerals. At some localities, the tremolite-anthophyllite aggregates define a mineral lineation in the foliation plane.
The bulk of the metaserpentinite consists of serpentinegroup minerals (commonly comprising >50 modal %). However, virtually all the samples collected contain some relict olivine grains. Tremolite and talc are commonly also part of the metamorphic mineral assemblage as well as Fe-Cr spinel, chlorite, opaque oxides, sulfides, and carbonate minerals.
Within the inner zone of the contact aureole, the metaserpentinites contain the subassemblage olivine ± tremolite ± anthophyllite ± talc ± orthopyroxene (Table 1) . Nickel-or magnesium-rich chlorite occurs in some samples. These assemblages are indicative of pyroxene-hornfels to hornblendehornfels facies contact-metamorphic conditions (e.g., Evans, 1972, 1974; Springer, 1974; Arai, 1975; Frost, 1975) . However, in many of the inner zone metaserpentinites, the contact-metamorphic mineral assemblage has undergone re-serpentinization, and thus only scattered relict mineral phases and textural traces identify these rocks as contactmetamorphosed metaserpentinites. In Table 1 , the contact-metamorphic mineral assemblages in metaserpentinite adjacent to the northern margin of the Bear Mountain intrusive complex are summarized.
Metabasaltic Tectonic Inclusion and Mafic Dikes in Serpentinite-Matrix Mélange. Within the inner zone of the contact aureole, a metabasaltic tectonic block (Plate 1, on the CD-ROM accompanying this volume and in the GSA Data Repository 1 ) and scattered mafic dikes are metamorphosed to well-foliated, fine-grained amphibolite or hornblende schist. Margins of the mafic dikes as well as the metabasaltic tectonic inclusion are altered to tough, dense, pale gray-green metarodingite along contacts with metaserpentinite.
The metabasaltic tectonic inclusion in metaserpentinite is a fine-grained hornblende schist consisting of hornblende + plagioclase + Fe-Ti oxides + titanite ± quartz ± epidote ± clinopyroxene. Compositional layering and strongly oriented acicu-292 J.C. Bushey et al. Metabasaltic Rocks of the Cover Sequence. The metabasaltic rocks of the inferred "cover sequence" of the Rattlesnake Creek terrane are dominantly fine-grained and locally pillowed. These metabasaltic rocks are commonly grayish-green, reflecting the regional greenschist-facies metamorphism experienced by this part of the Rattlesnake Creek terrane (Coleman et al., 1988) . Relict igneous texture, manifested by tabular plagioclase feldspar, is apparent in many samples located beyond the dynamothermal effects of the emplacement of the Bear Mountain pluton. Within the inner zone of the contact aureole, the metabasaltic rocks have been penetratively deformed and metamorphosed to a fine-to fine-medium-grained amphibolite or hornblende schist. These rocks have a prominent foliation due to hornblende, plagioclase, and sometimes biotite-rich folia. Plagioclase-rich leucosomes form 2-25 vol% of the rock and when sufficiently abundant give these mafic rocks a migmatitic character (Obenshain, 1981; Snoke and Barnes, 2002) . A welldeveloped, steeply plunging hornblende mineral lineation is commonly visible on foliation planes. The foliation is parallel to the margin of the Bear Mountain pluton (Fig. 2) and is less well developed with distance from the intrusive contact. Beyond the inner zone, the penetrative foliation virtually disappears, and the rocks are noticeably more massive and commonly hornfelsic (Snoke, 1972) .
The relict igneous textures of the metabasaltic rocks are especially evident under the microscope. Most plagioclase occurs as fine-to medium-grained, tabular crystals and/or as patches of fine-grained, recrystallized, anhedral grains in the shape of relict tabular to blocky phenocrysts. Fine-grained hornblende, commonly rimmed with actinolite, also exhibits the original, blocky crystal shape (after igneous pyroxene) characteristic of the original igneous protolith. Very rarely, primary pyroxene remains in the cores of these pseudomorphs. Regional metamorphism resulted in growth of fine-grained prismatic actinolite and anhedral to subhedral epidote and the replacement of original calcic plagioclase by albite.
Within the inner zone of the contact aureole, plagioclase and hornblende are completely or almost completely recrystallized, with only a few relict igneous habits remaining. The rock is predominantly fine grained except for these relict phenocrysts. Metamorphic layering is conspicuous in thin section, with plagioclase-, hornblende-, and minor biotite-rich layers defining the foliation along with the overall strong acicular to prismatic grain-shape fabric of hornblende. Quartz is commonly present in leucocratic segregation layers or as monomineralic lenses/layers.
Metasedimentary Rocks of the Cover Sequence. This rock unit is chiefly composed of fine-grained, tan to dark gray metasiltstone, siliceous meta-argillite, and metachert. Locally, the unit includes interlayered metavolcaniclastic rocks, metabasaltic rocks, and lenses of serpentinite. The unit exhibits a moderate to strong foliation.
Within the inner zone of the contact aureole of the Bear Mountain pluton, the unit is composed of brown to purplish metachert, fine-grained quartzose schist and brownish to purplish dark-gray biotite + hornblende ± quartz schist with scarce white calc-silicate lenses (deformed, original concretions[?] ).
Biotite and granoblastic quartz + plagioclase are typical in siliceous meta-argillite beyond the inner zone of the contact aureole, indicating the broad thermal effects of the Bear Mountain intrusive complex. Foliation, if present, is defined by finegrained, oriented biotite. Some outer-zone metasedimentary rocks are spotted slates or fine-grained schists. The original porphyroblasts in these rocks are typically pseudomorphosed to an aggregate of phyllosilicate minerals, Fe-Ti oxides, and quartz, although cordierite was identified in a few samples (see Snoke, 1972) .
Mafic Complex of the Preston Peak Ophiolite (after Snoke, 1977) . The mafic complex is dominantly fine-to fine-mediumgrained gray to gray-green metadiabase and metabasalt (Snoke, 1977) . It commonly has a salt-and-pepper texture defined by tabular, altered plagioclase and amphibole grains. A crosscutting network of white veinlets consisting of clinozoisite, calcite, and prehnite is characteristic.
Within the inner zone of the contact aureole of the Bear Mountain pluton, rocks of the mafic complex are light to dark gray, fine-to fine-medium-grained amphibolite similar to metabasaltic rocks of the cover sequence of the Rattlesnake Creek terrane. They also have foliation or cleavage subparallel to the margin of the Bear Mountain pluton.
In thin section, the original igneous texture is well preserved. Most of the plagioclase occurs as fine-to mediumgrained, tabular crystals that are locally pseudomorphosed to fine-grained aggregates of anhedral grains. Fine-to mediumgrained, green to olive-green hornblende is commonly rimmed with prismatic to acicular actinolite. Actinolite, chlorite, and epidote are the products of regional greenschist-facies metamorphism that affected these rocks prior to the emplacement of the Bear Mountain intrusive complex.
The mafic complex only extends partially into the inner zone of the contact aureole of the Bear Mountain intrusive complex. Thus, hornblende and plagioclase of the mafic complex in the inner zone of the aureole did not completely recrystallize during dynamothermal metamorphism. There are varying amounts of apparent original, relict igneous plagioclase and hornblende crystals in rocks of the mafic complex within the inner aureole; foliation in these rocks is weak to moderate.
Bear Mountain Intrusive Complex
Introduction. The oldest intrusive units of the Bear Mountain intrusive complex are the Blue Ridge, Clear Creek, and Cedar Creek ultramafic-gabbroic intrusions, and related ultramafic to gabbroic dikes. This highly mafic magmatism was followed by intrusion of the Bear Mountain pluton (Figs. 2 and 3, Plate 1) that chiefly consists of the Buck Lake, Punchbowl, and Doe Flat plutonic units. The youngest intrusive rocks in the Bear Mountain intrusive complex are numerous, but volumetrically minor, felsic dikes, sheets, and small irregular masses that range from quartz diorite to granite. They are typified by the Geology of the Bear Mountain intrusive complex 293 Wilderness Falls body (Snoke, 1972; Fig. 2) . The youngest intrusive rocks are a suite of dikes that range in composition from mafic to intermediate and are both aphyric and phyric (augite, hornblende, and/or plagioclase). The ultramafic-gabbroic bodies are interpreted as the oldest plutons of the Bear Mountain intrusive complex, based on the following field relationships: (1) clinopyroxenitic dikes derived from the Blue Ridge intrusion are deformed and contactmetamorphosed in the aureole of the Bear Mountain pluton (Snoke et al., 1981, their Fig. 3) ; (2) xenoliths of ultramafic to gabbroic rocks occur in the Punchbowl unit (Fig. 4A) ; and (3) small stocks of hornblende gabbro/diorite to tonalite intrude the Blue Ridge intrusion (Fig. 2) , one of which yielded the oldest U-Pb radiometric date from the Bear Mountain intrusive complex (ca. 151 Ma: Chamberlain et al., this volume) .
Within the Bear Mountain pluton, the sequence of emplacement was determined by crosscutting relationships (e.g., inclusions of older intrusive units in younger ones and dikes of younger units in older ones). However, exposures that provide information about the relative chronology of emplacement of the plutonic units are scarce. Evidence that the Doe Flat unit is the youngest intrusive stage is clearest. Xenolithic blocks of Buck Lake and Punchbowl affinity are enclosed in Doe Flat rocks north of Devils Punchbowl and west of the Siskiyou Pass fault (Fig. 2, Plate 1) . Also, a band of distinctive low color index (~15-25), foliated biotite + hornblende ± quartz diorite is present along the southern margin of the Doe Flat unit. This important field characteristic is useful in mapping the boundary with adjacent units to the south, where the Doe Flat unit truncates the Buck Lake-Punchbowl contact at a high angle (Plate 1).
The Buck Lake unit is cut by dikes of the Punchbowl unit. Moreover, Snoke et al. (1981) documented locally extensive hydration of the H 2 O-poor primary igneous assemblage in the unit (see below). This hydration is particularly apparent near contacts with adjacent plutonic units, which suggests a source of H 2 O from the younger, more hydrous magmas.
The Wilderness Falls unit intrudes the Punchbowl unit south and southwest of Devils Punchbowl (Fig. 4B ) and also intrudes the Doe Flat unit (Plate 1). It is therefore the youngest unit in the Bear Mountain pluton.
Perhaps the most striking aspect of the Bear Mountain intrusive complex is its outcrop-scale heterogeneity, defined by variations in grain size, mineral assemblage and modes, and texture. In areas of good exposure, it is apparent that much of this variation is due to piecemeal (incremental) emplacement of magmas. In many cases, rocks with homogeneous mineral assemblage, grain size, and texture occur as steeply dipping sheetlike bodies, which suggests emplacement as numerous dikes (Petford et al., 1993) .
The most prevalent and recognizable structure in the Bear Mountain pluton is magmatic to hypersolidus foliation. On weathered surfaces, the foliation appears as parallel alignment and elongation of mafic mineral aggregates (pyroxene, biotite, and/or hornblende, depending on the unit) within a field of white plagioclase. In thin section, subhedral tabular plagioclase is aligned parallel to subparallel to the mafic aggregates. In rocks where quartz is abundant, as in some Doe Flat and Wilderness Falls rocks, this mineral occurs in ribbon-shaped aggregates, indicating the importance of late solid-state deformation during part of the development of the fabric in the Bear Mountain pluton.
Lineations are locally present in the Doe Flat and Wilderness Falls units. These rocks are generally L>S tectonites. The lineation, like the foliation, is seen in outcrop due to the alignment of biotite and/or hornblende aggregates within a field of white plagioclase.
Blue Ridge Ultramafic to Gabbroic Intrusion. The Blue Ridge intrusion includes a broad compositional range: dunite, wehrlite, olivine clinopyroxenite, hornblende-olivine clinopyroxenite, magnetite-hornblende clinopyroxenite, and various gabbroic rocks (Snoke et al., 1981) . Dunite is scarce and occurs as streaks, lenses, and irregular masses in wehrlite. Igneous layering is scarce in the ultramafic rocks, and evidence of mechanical disruption of original mineralogical layering is apparent in some outcrops (e.g., dunite-wehrlite breccia, Fig. 4D ). The gabbroic rocks are massive to foliated, and the nature of the foliation varies from magmatic mineralogical layering ( Fig. 4C ) to high-temperature, solid-state penetrative foliation (see petrographic description below). Hornblende-calcic plagioclase pegmatite ( Fig. 4E ) is widely distributed in the clinopyroxene-rich ultramafic rocks, especially in the Blue Ridge intrusion.
The dunite is nearly pure forsteritic olivine, but diopsidic augite and chromian spinel are common accessory minerals. Secondary serpentine-group minerals and magnetite are ubiquitous. The dunite is allotriomorphic-granular, with grain sizes ranging from 1 to 3 mm. The clinopyroxene-rich ultramafic rocks are allotriomorphic-to hypidiomorphic-granular rocks and consist essentially of diopsidic augite, olivine, and hornblende in varying proportions (Fig. 5A ). The gabbroic rocks are unfoliated to well foliated and exhibit a broad range in color index and modal proportions (Snoke et al., 1981, their Table 3 ). Mineralogical layering, interpreted as original cumulate layering, is present in some exposures of gabbroic rocks (Fig. 4C ). In some gabbroic rocks, the foliation may be largely related to magmatic flowage, whereas in other gabbroic rocks, solid-state deformational features are conspicuous (e.g., widespread dynamic recrystallization of plagioclase grains and crystal-plastic strain effects in olivine and pyroxene grains).
Buck Lake Plutonic Unit. The Buck Lake unit is predominantly medium-to coarse-grained, hornblende-bearing to hornblende + biotite + two-pyroxene ± quartz diorite/monzodiorite. The color index ranges from ~15 to 55 but averages ~30 (Snoke et al., 1981, their Table 4 ). Scattered enclaves of fine-grained, plagioclase + pyroxene-phyric porphyry occur in this unit.
The diorite and monzodiorite of the Buck Lake unit range from fine to coarse grained, but are commonly medium to coarse grained. Subhedral tabular plagioclase is the dominant mineral phase, and it commonly defines a prominent magmatic foliation ( Fig. 5B and C) . Aggregates of pyroxenes and biotite are elongated subparallel to the plagioclase foliation.
The dominant mafic minerals of the unit are pyroxenes, with augite more abundant than orthopyroxene ( Fig. 5B and C) . Exsolution lamellae parallel to (100) occur in orthopyroxene and augite. Some orthopyroxene grains exhibit a second set of lamellae parallel to (001). These lamellae are coarse and widely spaced. In crystals twinned on (100), a herringbone pattern results (Fig. 6 ). These textural relationships indicate the former presence of pigeonite that subsequently inverted to orthopyroxene (Hess, 1941) . The former presence of pigeonite in plutonic rocks from the Klamath Mountains is unusual, and the only other known examples are from the Ironside Mountain batholith (Barnes et al., this volume, Chapter 10) . Pyroxenes occur as individual grains or in multigrain aggregates. In both textural occurrences, biotite commonly partially surrounds the pyroxene(s), but biotite also occurs as individual grains distributed throughout the rock. Varying amounts of green, olive, and brown hornblende (Z tint) are found in almost all samples. The hornblende typically occurs as thin to thick reaction rims partially 296 J.C. Bushey et al. surrounding pyroxene. Quartz and alkali feldspar are in the Buck Lake unit. Quartz is present in nearly every sample, and its origin is at least in part related to the late-magmatic replacement of orthopyroxene by biotite and quartz (Snoke, 1972) . Alkali feldspar forms large poikilitic grains surrounding and preferentially replacing plagioclase. Myrmekite is everywhere associated with the patchy alkali feldspar, typically along boundaries with plagioclase grains. The plagioclase + pyroxene-phyric porphyry is basically similar to other Buck Lake unit rocks. However, the porphyry typically has distinct phenocrysts of plagioclase and pyroxene, has a higher color index, and contains more Fe-Ti oxides.
Punchbowl Plutonic Unit. The Punchbowl unit is predominantly medium-grained, weakly to well foliated, biotitebearing pyroxene + hornblende gabbro and diorite. Hornblende is the dominant mafic mineral, with distinctly subordinate biotite and pyroxene. The rocks vary from hornblende gabbro/ diorite to biotite + pyroxene + hornblende gabbro/diorite and include pyroxene + hornblende gabbro and biotite + hornblende diorite. Also included in the Punchbowl unit is a coarse-grained, biotite-bearing to biotite + pyroxene + hornblende gabbro/ diorite. The color index in the unit ranges from ~20 to 45, with many samples ~40. In outcrop, the rocks tend to show a moderate to strong foliation, due to alignment of elongated aggregates of hornblende (±biotite ± pyroxene). Pyroxene grains commonly form the cores of these aggregates.
Various enclaves are common in the Punchbowl unit. They include (1) biotite + pyroxene diorite of the Buck Lake unit, (2) plagioclase + hornblende-phyric porphyry (similar to the plagioclase + pyroxene-phyric porphyry of the Buck Lake unit), and (3) clinopyroxenite and/or hornblendite cumulates and their altered equivalents (Fig. 4A ). Numerous fine-grained biotite + hornblende (±quartz) (micro)diorite and hornblende ± pyroxene (micro)gabbro dikes occur in the Punchbowl plutonic suite, and locally, these rock types are intermingled. These mingled dikes may intrude subparallel to foliation, truncate foliation, or both.
Tabular, subhedral plagioclase is the dominant phase in the Punchbowl unit. These tabular grains are commonly aligned and define a magmatic foliation along with subparallel, elongated aggregates of mafic minerals. Plagioclase grain boundaries with hornblende are commonly irregular, suggesting a late-magmatic reaction that probably also involved the replacement of original pyroxene by hornblende (Fig. 5D ). Fine-grained (~0.1 mm), anhedral plagioclase grains (neoblasts) commonly occur along the boundaries of the much larger tabular plagioclase and indicate high-temperature grain-boundary migration, which perhaps developed during the transition from hypersolidus to subsolidus conditions.
The dominant mafic mineral is hornblende. It is dark green, olive-green, or brown (Z tint). Pyroxene and/or cummingtonite are commonly found in the cores of coarse hornblende grains. The modal amount of biotite is highly variable but is always subordinate to hornblende. The biotite is associated with hornblende. Quartz was not identified in any sample, although trace amounts of alkali feldspar are locally present.
Doe Flat Plutonic Unit. This unit forms the northern zone of the Bear Mountain pluton (Plate 1). The Doe Flat unit contains xenoliths of the Buck Lake and Punchbowl units, but it is intruded by small bodies of the Wilderness Falls unit.
The Doe Flat unit is chiefly medium-grained, pyroxenebearing, biotite + hornblende quartz diorite that is moderately to well foliated and locally lineated. In outcrop, the rocks com-
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Figure 6. Inverted pigeonite in a coarse-grained biotite-two-pyroxene monzodiorite from the Buck Lake unit. The broad lamellae are parallel to (001) and consist of augite exsolved prior to inversion. The herringbone pattern is a reflection of (100) twinning in the original pigeonite grain. Thinner lamellae parallel to (100) are not detectable in the photograph. Cross-polarized light.
monly exhibit a moderate to strong foliation defined by aligned plagioclase grains and aggregates of mafic minerals. The lineated rocks are mylonitic and record strong crystal-plastic deformation. The color index of the unit ranges from ~15 to 45 but averages ~30. Hornblende is the dominant mafic mineral, although biotite is also abundant. The Doe Flat unit contains scarce enclaves of plagioclase + hornblende-phyric porphyry similar to inclusions in the Punchbowl suite. There are also scarce hornblendite enclaves, but fewer than in the Punchbowl unit, and no clinopyroxenitic inclusions were found. Fine-grained biotite + hornblende (micro) diorite and hornblende ± pyroxene (micro)gabbro dikes, like those found in the Punchbowl suite, are also found in the Doe Flat unit, but they also are less common.
The microscopic textures characteristic of rocks of the Doe Flat unit are similar to those seen in the Buck Lake and Punchbowl units, especially in regard to plagioclase. Subhedral, tabular plagioclase commonly defines a magmatic foliation and is the dominant mineral phase of the unit. Oscillatory zoning is common. Some plagioclase grains are kinked, and grain boundaries vary from straight to serrated. The dominant mafic mineral is green or olive-green hornblende (Z tint). Pyroxene cores occur in some of the coarser hornblende grains. Colorless patches of cummingtonite are associated with some of the hornblende grains. Biotite is commonly abundant, and this characteristic is useful in distinguishing the Doe Flat from the Punchbowl units. Biotite is commonly found associated with individual hornblende grains or surrounding multigrain aggregates of hornblende. Quartz is also characteristic of the Doe Flat unit and is another distinguishing feature from the Punchbowl unit.
Wilderness Falls Plutonic Unit. The Wilderness Falls unit forms numerous small intrusive bodies (dikes and sheets) in the older plutonic units. The name applied to this unit is derived from the Wilderness Falls locality along Clear Creek (Fig. 2) that Snoke (1972) originally mapped and Snoke et al. (1981) included in their "leucocratic rocks."
The rocks are typically fine grained, moderately to well foliated, and locally lineated. The unit generally consists of dark biotite-hornblende quartz diorite to tonalite (color index = 30-35) and light biotite ± muscovite tonalite (color index = 10-20). In general, dikes of the biotite tonalite intrude rocks of the biotite-hornblende quartz diorite, but at the Wilderness Falls locality, they are mingled.
Grain size is generally fine, but medium-grained and even pegmatitic variants are present. Plagioclase is generally blocky and subhedral and exhibits oscillatory zoning. In the dark quartz dioritic rocks, biotite is fine grained, subhedral to euhedral, reddish brown (Z tint), and aligned subparallel with hornblende, thereby defining a magmatic foliation. In the light tonalitic rocks, if a foliation exists, it is typically defined by biotite and to a lesser extent by aligned plagioclase. In the light tonalitic rocks, muscovite and alkali feldspar are common subordinate phases. Evidence of solid-state deformation is present in some samples of the Wilderness Falls plutonic unit and is manifested as recrystallized quartz ribbons with subgrain development.
Mafic to Intermediate Dikes. A variety of mafic to intermediate dikes are found throughout the Bear Mountain intrusive complex. The most common dikes are aphyric and equigranular and are either hornblende microgabbros or microdiorites, depending on plagioclase composition. Porphyritic dikes are less common in the Bear Mountain intrusive complex and include clinopyroxene-, hornblende-, and/or plagioclase-phyric dikes.
Enclaves. Enclaves of various compositions are found throughout the Bear Mountain intrusive complex, including olivine clinopyroxenite, olivine melagabbro, hornblendite, hornblende gabbro, mafic hornfels, and biotite + hornblende ± pyroxene ± quartz schist. Sizes of the enclaves range from a few centimeters to tens of meters. Many of the enclaves sampled retained at least some original igneous textures when viewed in thin section, although all the samples were extensively recrystallized.
Clinopyroxenite enclaves were only found in the Punchbowl unit (Fig. 4A) , although hornblendite enclaves found in the Doe Flat unit are probably hydrated equivalents of these cumulates. The mafic hornfels and biotite + hornblende ± pyroxene ± quartz schist are found in the three major plutonic units-Buck Lake, Punchbowl, and Doe Flat-and are believed to be inclusions of metabasalt, metavolcaniclastic, and/or possibly metasedimentary wall rocks.
GEOCHEMISTRY
Methods
Major element oxide contents along with Sr, Zr, Y, Ba, Sc, V, Cr, Ni, Cu, and Zn were analyzed by inductively coupled plasma atomic emission spectrometry, and Rb was determined by flame emission. Analytical techniques are described in Shannon et al. (1997) . The rare earth elements (REEs), Ta, Nb, Cs, Hf, and Th, were determined by inductively coupled plasma mass spectrometry at Washington State University, Pullman. Additional major-and trace-element data are from Snoke et al. (1981) . Oxygen was liberated from silicates using the BrF 5 method of Clayton and Mayeda (1963) and converted to CO 2 by passage over a hot graphite rod. Oxygen isotopic ratios were obtained on a VG SIRA-12 dual-inlet mass spectrometer. All values are reported relative to Vienna-Standard Mean Ocean Water. Silicate analyses are precise to ±0.2 per mil. The average and standard deviation obtained for NBS-28 is 9.45 ± 0.2 per mil (standard error is ±0.02 per mil). Neodymium and Sr isotopic compositions were determined at the University of Wyoming by thermal ionization mass spectrometry. Concentrations of Sm, Nd, Rb, and Sr were determined by isotope dilution on aliquots of the same sample dissolved for isotope ratio measurements. Further analytical details are given in the footnotes to Goldstein et al. (1984) . Abbreviations: hb gb-hornblende ± pyroxene ± biotite gabbro/diorite; mzdi-biotite two-pyroxene monzodiorite/diorite; ton-biotite tonalite; umt-Blue Ridge intrusion ultramafic and gabbroic rocks. *The Rb concentration for PP538A(F) by inductively coupled plasma atomic emission spectrometry at Texas Tech University, Lubbock.
Results
Major and Trace Elements. Analyzed samples of the Blue Ridge intrusion and related bodies consist chiefly of ultramafic rocks (dunite, wehrlite, hornblende + olivine clinopyroxenite) and olivine gabbro. Ultramafic samples are characterized by high MgO and low Al 2 O 3 contents (Table 3 , Fig. 7C and D) . Rb contents are ≤40 ppm (most <4 ppm) and Zr contents are <22 ppm. In contrast, Sc ranges from 41 to 91 ppm, Cr from 727 to 2118 ppm, and Ni from 185 to 590 ppm (Table 4 , Fig. 8 ). These compositions support the conclusions of Snoke et al. (1981) that the Blue Ridge ultramafic rocks are cumulates of clinopyroxene ± olivine. The FeO*/(FeO* + MgO) ratios of the ultramafic rocks range from 0.49 to 0.24 (Fig. 7A) . Gabbroic rocks from the intrusion have FeO*/(FeO* + MgO) values at the high end of the range of the ultramafic rocks, from 0.48 to 0.40. The gabbros also show a wide range of Al 2 O 3 contents, from 8.6 to 23.1 wt% and low K 2 O (≤0.20 wt%, Fig. 7D and E).
In the Punchbowl unit, trace elements Sr, Sc, and Zr vary widely and typically show little or no correlation with SiO 2 (Fig.  8) . Barium abundances show a weak positive correlation with SiO 2 (Fig. 8) . In the Doe Flat unit, the average Sr abundance is lower than in the Punchbowl unit (631 versus 878 ppm), yet the range of Sr in the Punchbowl unit almost completely overlaps that of the Doe Flat unit. Among Doe Flat samples, there are weak positive correlations of Ba and Zr with SiO 2 and negative correlation of Sc with SiO 2 (Fig. 8) . In the Buck Lake unit, Sr and Sc show weak or very weak correlations with SiO 2 and Ba and Zr are positively correlated. The Buck Lake unit has the highest Ba and Zr contents of all units in the Bear Mountain pluton.
Most late-stage dikes collected within the Bear Mountain pluton plot in the same clusters as samples from the three intrusive units (Figs. 7 and 8) . One sample has higher MgO and lower FeO*/(FeO* + MgO), similar to gabbroic rocks from the Blue Ridge intrusion. Another sample (PPS-115) is a magnesian, calc-alkaline granitic porphyry with very low contents of Sr and Ba (both <100 ppm; Fig. 8 ).
The Wilderness Falls tonalite and late-stage felsic rocks that intrude the Blue Ridge intrusion plot on the ferroan-magnesian boundary; are broadly calcic, rather than calc-alkaline (Fig. 7) ; and are mildly peraluminous or metaluminous. All but one sample have K 2 O <2.0 wt%. Trace-element concentrations in these samples vary widely (Fig. 8) and commonly show little correlation with SiO 2 .
The host rocks to the Bear Mountain intrusive complex contain two distinct types of mafic dike rock that can be distinguished on the basis of phenocryst assemblages. Gabbroic dikes contain pyroxene (or amphibole after pyroxene). Some are pyroxene-phyric, others are equigranular. Dioritic dikes are intermediate in composition and typically plagioclase-phyric. Pyroxene phenocrysts are sparse in the dioritic dikes, but hornblende phenocrysts are common.
The gabbroic dikes have low FeO*/(FeO* + MgO) values and low SiO 2 contents (46-50 wt%, with one exception at 54 wt%; Fig. 7) . Their MgO contents range from 8.5 to 15 wt%, and most have between 10 and 15 wt% Al 2 O 3 (Fig. 7) . Their Cr contents range from 340 to 1755 ppm and average 634 ppm; Sc ranges from 32 to 55 ppm and averages 44 ppm (Table 4) . Compared to the Bear Mountain pluton, they have lower Sr and higher Sc contents, but their Ba and Zr contents overlap with those of Bear Mountain samples.
The dioritic dikes have a similar range in SiO 2 contents as the gabbroic dikes but have higher FeO*/(FeO* + MgO), lower MgO, and higher Al 2 O 3 and K 2 O (Fig. 7) . Compared to the gabbroic dikes, the dioritic dikes have lower Sc (average 24 ppm) and much lower Cr (average 29 ppm). The dioritic dikes consistently plot near samples from the Bear Mountain pluton. In most instances, the dikes have compositions intermediate between those of the Punchbowl and Doe Flat units. This transitional position is particularly apparent in terms of MgO, Ba, and Zr (Figs. 7C and 8C and D) .
Rare-Earth Elements. Chondrite-normalized REE patterns for clinopyroxenitic and gabbroic rocks from the Blue Ridge intrusion show distinct concave-downward patterns and broad overlap among clinopyroxenite and gabbro (Fig. 9A) . Most clinopyroxenites show small negative Eu anomalies, whereas all but one of the gabbros have positive Eu anomalies. These patterns are consistent with accumulation of pyroxene ± olivine to form the ultramafic rocks and variable proportions of pyroxene and plagioclase to form the gabbros.
The three units of the Bear Mountain pluton have similar light REE-enriched patterns (Fig. 9B) . Most samples also show apparent, slight negative Ce anomalies (Fig. 9B) . Samples from the Punchbowl unit show the widest range of abundances, and two of these samples have positive Eu anomalies, indicative of plagioclase accumulation. The single analyzed sample from the Doe Flat unit also has a small positive Eu anomaly, suggesting plagioclase accumulation. The remaining Punchbowl samples and all samples of the Buck Lake unit have slight negative Eu anomalies (Fig. 9B) . Figure 9C shows REE patterns for the Wilderness Falls tonalite, a tonalitic intrusion into the Blue Ridge pluton, and two late-stage granitic dikes. All of these samples show reversed J-shaped patterns, with steep light and middle REE slopes that flatten in the heavy REEs. Europium anomalies are either lacking or are slightly positive.
The REE patterns of mafic dikes from the host rocks of the Bear Mountain intrusive complex are shown in Figure 9D . The gabbroic and dioritic dikes have nearly parallel patterns with moderate negative slopes, a slight dip at Ce, and weak, slightly negative Eu anomalies. The gabbroic dikes have lower REE abundances by a factor of ~1.5-2.0.
Isotopes. Notes: Analysis by inductively coupled plasma atomic emission spectrometry at Texas Tech University, Lubbock. See Shannon et al. (1997) for analytical details. ASI-alumina saturation index; LOI-loss on ignition; n.d.-not determined. *Rock types: JB-35a, fine-grained biotite-bearing hornblende diorite dike; JB-35b, biotite hornblende diorite; PPS-567, hornblende biotite quartz diorite; DP4-3, pyroxene-bearing hornblende diorite; DP4-6, hornblende diorite; JB-373, biotite two-pyroxene hornblende quartz-bearing diorite; PP-39, biotite two-pyroxene monzodiorite; PPS-213, biotite two-pyroxene diorite; PPS-534, biotite hornblende pyroxene diorite; PPS-572, biotite two-pyroxene monzodiorite; DP1-13Z, biotite two-pyroxene monzodiorite; JB-28, biotite two-pyroxene monzodiorite; JB-270, two-pyroxene biotite hornblende diorite; PPS-115, plagioclase-phyric porphyry in Buck Lake unit; DP1-21A, biotite granite in host-rock hornfels; JB-396A, biotite tonalite; PPS-531, biotite tonalite (dark phase); DP4-11, biotite tonalite. (Fig. 10) . Figure 10 also shows isotopic compositions of four migmatitic amphibolite host rock samples and of one gabbroic dike that intrudes amphibolitic host rocks. Figure 10 shows the narrow range of Bear Mountain intrusive complex plutonic rocks compared to local metasedimentary rocks from the Rattlesnake Creek terrane and Galice Formation (Frost et al., this volume) .
DISCUSSION
Parental Magmas
As illustrated in Figures 7C-E and 8 , compositional trends within individual intrusive units are essentially lacking. The possible exception is the Buck Lake unit, in which incompatible elements (e.g., K 2 O, Rb, Ba, Zr) increase with increasing SiO 2 . Otherwise, each unit is best described as having broadly scattered compositions. In the Blue Ridge intrusion, this lack of a well-defined differentiation trend is clearly associated with the fact that most, if not all, rocks in the pluton are cumulates. The REE patterns (Fig. 9) illustrate the influence of cumulate clinopyroxene ± plagioclase in all samples. In the intrusive units of the Bear Mountain pluton, the wide ranges in MgO, Al 2 O 3 , and K 2 O (Fig. 7C-E ) are also consistent with variable proportions of cumulus pyroxene, hornblende, and plagioclase. These effects of crystal accumulation complicate petrogenetic interpretation, because the identification of possible parental magmas is difficult.
Presumably the magmas of the Blue Ridge intrusion were basaltic, because they were capable of producing voluminous olivine and olivine + clinopyroxene cumulates (Snoke et al., 1981) . Furthermore, they must have contained sufficient H 2 O to permit widespread late-stage amphibole stability and contained sufficient K 2 O to stabilize late-stage phlogopitic biotite.
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In contrast, magmas of the Punchbowl unit of the Bear Mountain pluton were probably H 2 O-rich evolved basalt or basaltic andesite, due to the presence of cumulate clinopyroxene, hornblende, and plagioclase. A similar magma might be parental to the Buck Lake unit; however, such a magma would have to be poorer in H 2 O, because amphibole and biotite are present only as late-stage, noncumulate phases. The Buck Lake parent may have had higher K 2 O contents than the Punchbowl parent.
All the parental magmas of the Bear Mountain intrusive complex were isotopically primitive, such that the rocks of the complex have among the highest initial ε Nd and lowest δ (Fig. 10A and B) . Their isotopic compositions probably were similar to those of the Rattlesnake Creek terrane metabasalts, which would be expected, because both are mantlederived basaltic magmas. The isotopic compositions of the Bear Mountain rocks therefore do not rule out assimilation of metabasalt during the evolution of the complex. However, based on their very different isotopic compositions, assimilation of Galice and Rattlesnake Creek terrane argillaceous rocks by Bear Mountain magmas cannot have contributed a significant volume to the pluton (Fig. 10C) . Barnes et al. (this volume, Chapter 17) show that the gabbroic and dioritic dikes that intrude the Bear Mountain intrusive complex host rocks were coeval with emplacement of the two large plutons. This timing means that one or both sets of dikes may be parental to the adjacent plutons. Specifically, Figure 7A shows that the gabbroic dikes have FeO*/(FeO* + MgO) values that overlap those of the gabbroic samples from the Blue Ridge intrusion. In addition, these dikes have the high Cr, Ni, and Sc contents necessary to explain the high values of these elements in Blue Ridge cumulates. Similarly, the dioritic dikes plot essentially in the middle of the data field from the Bear Mountain pluton-specifically, between data for the Punchbowl and Doe Flat units (Figs. 7 and 8) . Furthermore, REE patterns of the dioritic dikes are almost nearly parallel to Bear Mountain samples that lack positive Eu anomalies (Fig. 9B) .
The possibility that the gabbroic dikes were parental to the Blue Ridge intrusion was modeled using the PELE program (Boudreau, 1999) , a simplified version of MELTS. The starting composition was an average of the gabbroic dikes (Table 5) . Other input parameters were 3.5 kb pressure, fO 2 of quartzfayalite-magnetite buffer + 1, and 1.0 wt% H 2 O, and fractional crystallization was assumed. Calculated compositional trends are plotted in Figure 7 .
The model predicts a liquidus temperature of 1311 °C, with olivine (Fo 89 ) as the liquidus phase. Clinopyroxene was calculated to join olivine on the liquidus at 1211 °C, at which point the olivine is Fo 85 . At 1136 °C, plagioclase (An 79 ) also joins the fractionating assemblage. At this temperature, olivine is Fo 78 . Olivine leaves the liquidus between 1085 and 1060 °C. These results are consistent with the observed crystallization order and overall mineral compositions in the Blue Ridge intrusion. Olivine in Blue Ridge dunites reaches Fo 83 and is as magnesian as Fo 74 in olivine gabbro (Snoke et al., 1981) . Furthermore, the large temperature gaps between the liquidus and appearance of clinopyroxene (~100 °C) and between clinopyroxene and plagioclase stability (~75 °C) can explain the abundance of dunite and olivine clinopyroxenite in the Blue Ridge intrusion compared to olivine gabbro (Snoke et al., 1981) . The first plagioclase to appear is somewhat less calcic than is seen in Blue Ridge gabbros (An 79 in the model versus An 85 in olivine melagabbro); however, such differences are dependent on the choice of parental magma and on initial (assumed) H 2 O contents (e.g., Beard, 1986) .
Not only does the calculated mineral assemblage fit the observed Blue Ridge assemblages reasonably well, but the calculated residual liquid at ~1136 °C is similar to the average composition of the dioritic dikes (Table 3 and Fig. 7) . Specifically, the model matches SiO 2 , Al 2 O 3 , and CaO abundances quite well, and it also predicts an increase in the FeO*/(FeO* + MgO) value at nearly constant SiO 2 content (Fig. 7) . This increase in FeO*/(FeO* + MgO) is particularly interesting, be- cause few plutonic rocks in the Klamath Mountains province have such high values, whereas many plutonic rocks have the lower FeO*/(FeO* + MgO) values displayed by the Blue Ridge gabbros (e.g., Barnes et al., 1990 Barnes et al., , 1995 . That the differentiation model used to explain the cumulate assemblages in the Blue Ridge intrusion also reproduces the composition of the dioritic dikes is probably not fortuitous. Instead, we suggest that the dioritic dikes are the products of fractional crystallization of olivine and clinopyroxene from parental magmas similar to the gabbroic dikes. Fractionation of the average gabbroic dike composition to make the average dioritic dike composition represents ~35-40% crystallization. Therefore, abundances of perfectly incompatible element contents should increase by a factor of ~1.6, which is the case for Rb, Ba, and the heavy REEs; however, the light REEs and Zr are enriched by a factor of ~2 (e.g., Figs. 8 and 9) . These discrepancies are, at least in part, a function of the choice of parental compositions and the use of average values to represent the two dike populations. We conclude that magmas similar to the gabbroic dikes were parental to cumulates of the Blue Ridge intrusion and to the dioritic dike magmas.
Because the dioritic dike compositions plot between the lower-SiO 2 Punchbowl unit and higher-SiO 2 Doe Flat unit (Figs. 7 and 8) , the possibility exists that the Punchbowl unit, Doe Flat unit, and dioritic dikes are related. We suggest that the Punchbowl rocks are cumulates from a dioritic dikelike parent and that the Doe Flat rocks crystallized from the evolved liquid produced by this process. It is likely that many Doe Flat samples are also cumulates (e.g., the positive Eu anomaly in the Doe Flat sample; Fig. 9 ), and had variable proportions of intercumulus melt. This scenario is consistent with the mafic mineral assemblages of the two units (dominated by hornblende with minor early pyroxene), with the lower Sr content of the Doe Flat compared to the Punchbowl samples (due to plagioclase accumulation in the Punchbowl magmas), and with the higher contents of incompatible elements, such as Zr and Ba, in Doe Flat samples (Fig. 8) . Unfortunately, realistic thermodynamic models of this fractionation scheme are not possible because of the importance of hornblende, which has not been incorporated into either MELTS or PELE.
On the basis of the similarities in major element contents (Fig. 7) and REE patterns (Fig. 9) between the dioritic dikes and 308 J.C. Bushey et al. Buck Lake unit, we suggest that the dioritic magmas are logical parental magmas, with the exception of H 2 O content. The paucity of cumulate hornblende in the Buck Lake rocks (some samples lack hornblende entirely, see above and Snoke et al., 1981) , indicates that the Buck Lake parental magma contained much less H 2 O than the Punchbowl-Doe Flat parent. Enrichments of K 2 O, Rb, and Ba in the Buck Lake rocks are distinctive, both in the Bear Mountain intrusive complex and in the Klamath Mountains province. Barnes et al. (this volume, Chapter 10) illustrate similar but more pronounced alkali enrichment in the ca. 170-Ma Ironside Mountain pluton. Their petrogenetic model suggests that alkali enrichment was a function of moderate-pressure fractional crystallization in which clinopyroxene fractionation predominated over olivine fractionation (see Meen, 1990) . If this model is applicable to the Buck Lake unit, it suggests that H 2 O-poor magma similar in other respects to the Punchbowl-Doe Flat dioritic parent fractionated deeper in the crust and then rose to the level of emplacement already enriched in alkalis.
An alternative hypothesis for compositional variation in the Punchbowl and Doe Flat units calls on mafic magmas parental to the Punchbowl rocks mixing with tonalitic magmas similar to those that intrude the Blue Ridge intrusion. For example, Figure  8B -D shows broadly linear variations among these units. However, if such mixing were important, the REE patterns of evolved Punchbowl and Doe Flat samples would show significant rotation, with higher light REE and lower heavy REE. This pattern is clearly not the case (Fig. 9B) . Therefore, we interpret mixing of mafic and tonalitic magmas in the Punchbowl and Doe Flat units to be negligible. However, mingling and mixing of mafic magmas with Wilderness Falls tonalite is likely but requires additional data for thorough evaluation.
The Wilderness Falls intrusion and tonalitic rocks intrusive into the Blue Ridge pluton show a wide range of major and trace element compositions. They are generally calcic or calc-alkaline and have moderate K 2 O contents (Fig. 7) and Sr contents between 500 and 1250 ppm (Fig. 8A) . Although they share similar REE patterns (Fig. 9C) , they are markedly distinct in Zr contents, with 100-180 ppm Zr in Wilderness Falls samples and 290 ppm Zr in Blue Ridge tonalitic rocks. The tonalite REE patterns are characteristic of control by garnet ± amphibole, either as fractionating phases or as a residual minerals during partial melting (e.g., Arth and Hanson, 1972; Barker and Arth, 1976; Drummond and Defant, 1990) . Fractionation of a parental magma similar to any Blue Ridge or Bear Mountain magma is unlikely because of the comparatively high Sr contents of the tonalites. The arrow in Figure 8A shows the inferred fractionation trend responsible for the Punchbowl-Doe Flat rocks. Further fractionation should result in lower Sr contents (<500 ppm) rather than the higher ones seen in the tonalitic units. Fractionation from the parental magma of the Buck Lake unit is also unlikely, because fractionated daughter magmas should have K 2 O contents >2.5 wt%, whereas all but one tonalitic samples has K 2 O <2 wt% (Fig. 7E ). These values suggest that if fractional crystallization was responsible for the tonalitic magmas, the parental composition was unlike the inferred magmas for the Bear Mountain and Blue Ridge plutons.
The alternative, partial melting, suggests metabasaltic source rocks. Partial melting of such a source with residual garnet could explain the REE patterns and also the high Sr concentrations (e.g., Drummond and Defant, 1990; Barnes et al., 1996) . This metabasaltic source cannot be the migmatitic host rocks to the plutons (Plate 1), because garnet is lacking in the Bear Mountain intrusive complex aureole. The source could be structurally deeper metabasaltic rocks of the Josephine ophiolite, or even more deeply seated (unknown) metabasites. In either case, garnet stability requires partial melting at pressures greater thañ 10 kb (Rapp et al., 1991) . In turn, this condition implies either the presence of greatly thickened crust during Bear Mountain intrusive complex magmatism or partial melting of a newly subducting slab and transport of such a slab melt through the mantle wedge with little modification. We prefer the former interpretation; that is, deep-crustal melting.
In summary, we suggest that at least three types of mafic magma were parental to the Bear Mountain intrusive complex. The most primitive is magnesian basalt represented by the gabbroic dikes. Such magmas underwent fractional crystallization, leaving olivine-and clinopyroxene-rich cumulates, as in the Blue Ridge intrusion. The residual magmas were high-Al, relatively low-Mg basalts similar to the dioritic dikes. Water-rich magmas of this type were parental to the Punchbowl and Doe Flat units. In this case, the Punchbowl rocks represent cumulates of plagioclase + hornblende ± pyroxene, and Doe Flat rocks crystallized from the evolved liquid. Magmas parental to the Buck Lake unit were probably similar to the dioritic dikes but had lower H 2 O contents. It is possible that the K 2 O enrichment seen in the Buck Lake unit is due to differentiation at higher pressure than that of emplacement. The late-stage tonalitic intrusions at Wilderness Falls and in the Blue Ridge pluton are interpreted as the products of partial melting of metabasaltic rocks in deep crust that was thickened during the Late Jurassic Nevadan orogeny. A local, contact anatectic source is unlikely.
Arc Affinity
If the gabbroic and dioritic dikes are indeed similar to Bear Mountain intrusive complex parental magmas, then their normalized, multi-element patterns should be indicative of their source region. Figure 11 shows primitive-mantle-normalized diagrams for the gabbroic and dioritic dikes. The gabbroic and dioritic dikes have similar patterns, with depletions of Nb, Ta, Zr, and Ti and enrichments in K and Sr. Such patterns are characteristic of a subduction-modified source and indicate that the mantle beneath the Bear Mountain intrusive complex was either part of an active supra-subduction zone system or had been modified by subduction metasomatism prior to Nevadan thrusting.
EMPLACEMENT HISTORY
Structural Evidence for Emplacement History
The deflection of the adjacent host rocks around the margins of the Bear Mountain intrusive complex (Fig. 2) indicates that the forceful shouldering aside of wall rocks was an important emplacement mechanism for this plutonic complex. This interpretation is also supported by (1) the concentric igneous Figure 11 . Multi-element diagram normalized to primitive mantle (Sun and McDonough, 1989) .
foliation pattern within the Bear Mountain pluton (Fig. 2 , Plate 1); (2) widespread, small-scale, isoclinal folding in the rocks of the inner aureole; and (3) a steeply plunging mineral lineation in the rocks of the inner aureole, suggesting subvertical elongation during deformation of the wall rocks (e.g., see Compton, 1955, his Fig. 15 ). The alignment of the Twin Peaks fault with the Bear Mountain pluton (Fig. 2, Plate 1) suggests that emplacement may have been also facilitated by this north-south-striking, steeply dipping, reverse fault (i.e., part of the Orleans fault system). The lack of displacement of the intrusive contact across the projected strike of the South Siskiyou Fork fault suggests that this element of the Orleans fault system also may have played a minor role in the emplacement of the Bear Mountain pluton (i.e., northwest-bulging of this intrusive body; Fig. 2) .
The rocks of the inner aureole are characterized by a steeply dipping, penetrative foliation that commonly contains a steeply plunging mineral lineation (e.g., hornblende in hornblende schist or fine-grained amphibolite). Leucosome veinlets, interpreted as evidence of partial melting in the inner aureole (Snoke and Barnes, 2002) , are common near the intrusive contact with the Bear Mountain pluton; some of these veinlets are distinctly asymmetric when viewed in the plane parallel to the lineation but perpendicular to foliation (Fig. 12A ). This asymmetry consistently indicates a "pluton-down" sense of shear. Some porphyroblasts in inner-aureole hornblende schists or fine-grained amphibolites are asymmetric, typically forming σ-type porphyroblasts ( Fig. 12B and C) , and also indicate a "pluton-down" sense of shear. These data suggest that the Bear Mountain pluton foundered late in its emplacement history (e.g., Glazner, 1994; Glazner and Miller, 1997 ; also see Snoke et al., 2001 , for evidence of late-stage foundering or sinking of a similar oceanic-arc pluton on Tobago, West Indies).
Another important aspect of the emplacement history of the Bear Mountain intrusive complex is that the Bear Mountain pluton is a heterogeneous, composite intrusive body consisting of multiple, mappable plutonic units that in turn consist of numerous intrusive sheets. Thus, the Bear Mountain intrusive complex in general-as well as the delineated plutonic units (Plate 1)-grew in a piecemeal (incremental) fashion and consequently represents the emplacement of oceanic-arc magmas over a minimum duration of 1.5 m.y. and possibly as long as 6 m.y. (Chamberlain et al., this volume) . The sheetlike nature of the Bear Mountain intrusive complex is indicated by (1) the flanking ultramafic-mafic intrusions (Blue Ridge, Clear Creek, and Cedar Creek) that dip inward toward the center of the intrusive complex (Snoke et al., 1981; Fig. 2) and (2) the outcrop pattern of the Doe Flat plutonic unit (Plate 1). We envision that the assembly of the Bear Mountain intrusive complex was by the intrusion of numerous sheetlike bodies of oceanic-arc magma ranging from early-stage basaltic magmas to late-stage felsic magmas. The early basaltic magmas differentiated and formed extensive ultramafic to mafic cumulates, which played an instrumental role in the late sagging or foundering of the intrusive complex, yielding a "pluton-down" sense of shear in inner aureole wall rocks (Fig. 12) . The Bear Mountain intrusive complex is roughly oval shaped (Wagner and Saucedo, 1987;  Fig. 1) , and its three-dimensional form possibly may be funnel shaped with a dense root of ultramafic rocks; this possibility is supported by the high positive Bouguer gravity anomaly associated with the Bear Mountain intrusive complex (Kim and Blank, 1973) .
Temperature and Depth of Crystallization
Contact-Metamorphic Mineral Assemblages in Host Rocks.
Mineral assemblages in the contact aureole of the Bear Mountain intrusive complex provide some temperature information regarding the conditions of magma emplacement. Near the intrusive contact, metaserpentinites contain the subassemblage olivine + orthopyroxene + nickel-or magnesium-rich chlorite (Table 1) , indicative of metamorphic temperatures between 700 and 800 °C (Trommsdorff and Evans, 1972; Arai, 1975) . Metarodingites within the dynamothermal aureole contain diopside + epidote + titanite ± glossular ± plagioclase, indicative of the high-temperature zones IV and V of Frost (1975) . The thermal effects within the ultramafic unit extend for over 2 km from the intrusive contact (Table 1) . At this distance from the contact, olivine, talc, and tremolite, which are stable in the ~500-600 °C temperature range (Trommsdorff and Evans, 1972; Arai, 1975) , are present (Table 1) . Metabasaltic rocks of the cover sequence of the Rattlesnake Creek terrane near the contact with the Bear Mountain intrusive complex typically contain plagioclase with dark green to olive-green or even brown hornblende with scarce diopsidic augite. This assemblage indicates hightemperature amphibolite (or hornblende-hornfels) to pyroxenehornfels facies, equating to ~650-700 °C. Two-pyroxene mafic gneiss locally occurs in the host-rock septum that separates the Bear Mountain pluton and Blue Ridge intrusion (Snoke, 1972; Fig. 2) . Tonalitic leucosome veinlets occur in migmatitic amphibolite gneiss of the inner aureole near the intrusive contact with the Bear Mountain pluton. Experimental partial melting studies of metabasaltic rocks indicate that amphibolite melting can occur at temperatures as low as 700 °C at H 2 O-saturated conditions and higher than ~900 °C for dehydration melting (e.g., Rapp et al., 1991; Winther and Newton, 1991; Wolf and Wyllie, 1991) . Outside the dynamothermal inner zone of the aureole, the prograde metamorphic mineral assemblage in the metabasaltic rocks and mafic complex of the Preston Peak ophiolite is sodic plagioclase + actinolitic amphibole ± epidote ± titanite/leucoxene. This assemblage indicates upper greenschistfacies metamorphic conditions (including epidote-amphibolite facies), equating to ~450-500 °C.
Pressure constraints in the contact aureole are almost nonexistent compared to temperature constraints. In pressuretemperature space, the reaction curves for ultramafic rocks are nearly vertical, leaving pressure unconstrained. Most assemblages within the cover sequence lack pressure-dependent mineral assemblages. A spotted, slaty argillite was found in the metasedimentary rocks outside the inner zone of the aureole, and Snoke (1972) also reported similar rocks in his study of the outer aureole of the Bear Mountain intrusive complex. The shape of the porphyroblasts in hand sample is indicative of either andalusite or cordierite (Pattison and Tracy, 1991) . However, under the microscope, these porphyroblasts are completely replaced by a micromosaic of phyllosilicates and quartz. If the porphyroblasts were originally andalusite, this paragenesis would indicate a pressure of ~4 kb at 500 °C, 4.5 kb at 550 °C, and as low as ~2 kb at 700 °C (Pattison and Tracy, 1991) . Snoke et al. (1981) reported cordierite in two metasiltstones, one from inside and one from outside the inner zone of the aureole of the Bear Mountain intrusive complex. Within the inner zone, where the temperature was 600-700+ °C, cordierite would be stable up to ~3-4.5 kb, depending on X Mg . Outside the dynamothermal aureole, where the temperature was ~500 °C, cordierite would only be stable below ~2 kb (Pattison and Tracy, 1991) . Thus, contact metamorphic mineral assemblages suggest emplacement at >700 °C and from 2 to 4.5 kb.
Quartz-Ulvöspinel-Ilmenite-Fayalite (QUILF) Thermometry of the Buck Lake Unit. The Buck Lake unit contains biotite, orthopyroxene, clinopyroxene, inverted pigeonite, and Fe-Ti oxides. This assemblage is appropriate for use of the Ca-QUILF system (Lindsley and Frost, 1992) to estimate magmatic temperature. The first observation is that the presence of inverted pigeonite is indicative of high magmatic temperatures. Using a pressure estimate of 3 kb (which is reasonable on the basis of contact-metamorphic assemblages) and XFe in orthopyroxene of 0.45 (Snoke et al., 1981) , Lindsley and Frost (1992) estimated clinopyroxene crystallization in excess of 1100 °C. They also showed that exsolution in the original pigeonite grains took place at ~1100 °C and that the orthopyroxene formed at ~1000°C
. All of these results are consistent with the calculated temperature at which Buck Lake-like magma was multiply saturated (~1136 °C; see discussion above on parental magmas).
Hornblende-Plagioclase Thermobarometry. Plagioclase and hornblende compositions from a number of samples of the Bear Mountain intrusive complex and dikes that intrude the aureole were used to estimate emplacement pressures (Hammarstrom and Zen, 1986; Anderson and Smith, 1995) . Samples PPS-567 and DP4-7 are biotite-hornblende quartz diorite and were collected from the Doe Flat unit. Sample PPS-531 is a hornblende-bearing, biotite tonalite from the "dark phase" of the Wilderness Falls intrusion, and sample DP2-21 is a pyroxeneand quartz-bearing hornblende diorite that intruded the Blue Ridge pluton. These samples contain the assemblage plagioclase + hornblende + biotite + quartz + titanite + Fe-Ti oxides, and so are appropriate for use in the Al-in-hornblende barometery.
Among the dikes that intrude the dynamothermal contactmetamorphic aureole, DP2-10 is a foliated biotite-hornblende quartz diorite, DP1-9C is a pyroxene-hornblende quartz diorite, and DP1-9B and DP1-14 are hornfelsic dioritic dikes that preserve primary plagioclase and hornblende phenocrysts. These samples lack the complete equilibrium assemblage; in particular, primary titanite is typically absent and quartz is a groundmass phase.
The temperature-corrected barometer of Anderson and Smith (1995) uses the hornblende-plagioclase thermometers of Holland and Blundy (1994) . These calculations were done using a spreadsheet provided by J.L. Anderson (University of Southern California, Los Angeles). Care was taken to analyze rim compositions and, where possible, to choose analytical spots near coexisting quartz (cf., Hollister et al., 1987) . Possible sources of 312 J.C. Bushey et al.
TABLE 6. REPRESENTATIVE RESULTS OF Al-IN-HORNBLENDE BAROMETRY AND HORNBLENDE-PLAGIOCLASE THERMOMETRY
Sample* PPS-567 DP4-7 PPS-531 DP2-21 DP2-10 P (kb), rims at 4.1 ± 1.3 5.7 ± 1.2 5.2 ± 1.4 3.5 ± 0.4 3.6 ± 0.8 plagioclase T (°C) 740 ± 17 730 ± 15 660 ± 25 750 ± 32 700 ± 23 P (kb), rims at 3.8 ± 0.6 5.0 ± 0.8 5.4 ± 1.2 quartz T (°C) 730 ± 15 720 ± 18 660 ± 21 *Rock types: PPS-567-biotite + hornblende quartz diorite, Doe Flat unit; DP4-7-biotite + hornblende quartz diorite, Doe Flat unit; PPS-531-hornblende-bearing, biotite tonalite, Wilderness Falls unit; DP2-21-pyroxene-bearing, hornblende (quartz-bearing) diorite, part of composite pluton that intrudes the Blue Ridge intrusion; DP2-10-foliated biotite + hornblende quartz diorite (leucosome segregation [dike] in migmatitic amphibolite), Bear Mountain pluton aureole, South Fork of the Smith River area.
error in these calculations include analytical uncertainty, postcrystallization reequilibration, nonequilibrium conditions between the plagioclase and hornblende, and uncertainty of the thermometer and barometer. Representative calculated temperatures and pressures are shown in Table 6 . The results may be summarized as ~5.3 kb and 725 °C for the Doe Flat unit, ~3.5 kb and 760 °C for a quartz dioritic intrusion in Blue Ridge pluton, ~3.3 kb and 735 °C for intermediate dikes in the aureole, and ~5.1 kb and 700 °C for the Wilderness Falls unit.
With the exception of samples from the Doe Flat and Wilderness Falls units, the results are in the 3.1-to 3.8-kb range, which is consistent with pressures estimated on the basis of contact-metamorphic assemblages. Estimated temperatures are generally at or near solidus conditions. Reasons for the two discrepant (~5 kb) results are difficult to evaluate. It is possible that the hornblende was not in equilibrium with the analyzed plagioclase. Alternatively, the hornblende compositions may reflect higher pressures of crystallization. This alternative is consistent with field evidence cited above for late-stage "plutondown" motion of the Bear Mountain pluton and with the location of the Doe Flat and Wilderness Falls bodies at the margin of the pluton. One might envision descent of the central mass of the pluton and consequent upward migration of deep-seated fractionated magma, which was injected along the original pluton-host-rock contact and crystallized to form all or part of the Doe Flat and Wilderness Falls bodies. 
CONCLUSIONS
